short lengths and "low twitch" values was strikingly apparent, as already reported for whole muscle (6) . The same correlation was evident not only for twitches but also for tetanic force in the steady state. But the increased light emission was not correlated with the ratio of initial twitch to tetanus force. The unexceptionable association, therefore, was not among relative enhancement of intracellular Ca2+ transients, temperature, type of agent, or intrinsic twitch to tetanic force ratio. Cell length was the most consistent factor.
We conclude that these observations support and extend previous suggestions about the relative degree of activation in skeletal muscle allowed to shorten (2) . Calcium-induced activation is progressively less than maximum at all muscle lengths shorter than those along the descending limb of the length-tension relation. In addition, the optimum length for twitch force is, by itself, neither an adequate means to assure that muscles are studied near the same average striation spacing nor is it, as the sole criterion, an adequate starting point to estimate the relative efficacy of the potentiating ability of an agent.
Intense Natural Selection in a Population of Darwin's Finches (Geospizinae) in the Galapagos
Abstract. Survival of Darwin's finches through a drought on Daphne Major Island was nonrandom. Large birds, especially males with large beaks, survived best because they were able to crack the large and hard seeds that predominated in the drought. Selection intensities, calculated by O'Donald's method, are the highest yet Intense Natural Selection in a Population of Darwin's Finches (Geospizinae) in the Galapagos Abstract. Survival of Darwin's finches through a drought on Daphne Major Island was nonrandom. Large birds, especially males with large beaks, survived best because they were able to crack the large and hard seeds that predominated in the drought. Selection intensities, calculated by O'Donald's method, are the highest yet recorded for a vertebrate population.
There are few well-documented examples of natural selection causing avian populations to track a changing environment phenotypically. This is partly because birds meet environmental challenges with remarkable behavioral and physiological flexibility (1), partly because birds have low reproductive rates and long generation times, and partly because it has been difficult for ecologists to quantify corresponding phenotypic and environmental changes in most field studies. In this report we demonstrate directional natural selection in a population of Darwin's finches and identify its main cause.
We studied Darwin's medium ground (Fig. IA) . The decline was correlated with a reduction in seed abundance (r = .86, P < .01) (Fig. IB) (Fig. IA) . The decline was correlated with a reduction in seed abundance (r = .86, P < .01) (Fig. IB) (Fig. IC) . We use principal component 1 (6) as an index of overall body size because here, as in other avian studies (7), it explains a substantial portion (67 percent) of the phenotypic variance in the G. fortis population and has consistently high, positive correlations with the morphological variables it summarizes. The change is most obvious in the plot including all birds because it incorporates the changing sex ratio (most of the morphological characters are 4 percent larger in males than in females) and perhaps a small age effect, although all birds less than 12 weeks old were excluded from the analysis.
Small seeds declined in abundance faster than large ones, resulting in a sharp increase in the average size and hardness of available seeds ( The change is most obvious in the plot including all birds because it incorporates the changing sex ratio (most of the morphological characters are 4 percent larger in males than in females) and perhaps a small age effect, although all birds less than 12 weeks old were excluded from the analysis.
Small seeds declined in abundance faster than large ones, resulting in a sharp increase in the average size and hardness of available seeds (Fig. ID) It is reasonable to infer natural selection from the greater survival of large birds because about 76 percent of the variation in the seven morphological measurements and in principal component 1 scores is heritable (3, 9) . To calculate the intensity of selection we use O'Donald's method (10), Aw/w = (w before selection -w after selection)/w before selection = Vw/V2, where Awl/v estimates the proportional increase in mean fitness of the population as a result of selection and Vw is the variance in fitness. O'Donald provides several functions relating fitness to phenotypic characters and gives formulas for calculating Aw/w from the four moments of phenotypic distributions before and after selection. Table 1 summarizes the phenotypic changes in the G. fortis population between June 1976 and January 1978. Changes in variance were small and none was statistically significant (11) . Changes in means of most characters were significant and in the direction expected if larger birds survived best (12) . A thorough examination of the data with both univariate and multivariate techniques suggests that the main differences between birds that survived and those that did not were in body size and bill dimensions, particularly bill depth (8). Table 1 255 he obtained for the change in discriminant score between the before-storm and after-storm sparrow samples indicated selection "more intense than any which has since been observed acting on particular quantitative characters" (10). Table 1 and Fig. 1 show that females experienced stronger selective mortality than males, in agreement with the evidence that the sex ratio became skewed in favor of males. There is no question that the overall effect of selection in the two sexes was similar: larger individuals survived best. There is some evidence that slightly different aspects of "largeness" were favored in males over females (13). The results for the combined population illustrate how a large phenotypic shift can occur both as the result of changes in the frequency of discrete classes of individuals (males and females) and in the average measurements of individuals within those classes.
Our data provide a link between a specific environmental factor (size of available food) and phenotypic tracking of the environment. Others have consistently encountered difficulty in identifying the relation between complex and often rather small changes in body size and shape and general environmental parameters, such as temperature (14) . Because of the high correlations between the seven characters we examined, it is difficult to specify the precise target of selection; univariate selection intensities and discriminant coefficients presented in Table 1 and calculated in the similar analyses of separate male and female groups (13) suggest that weight and bill dimensions are most important. In addition to the relation between bill morphology and changes in the food supply, it is likely that there were additional indirect selection pressures operating on, for example, body size for reasons associated with energetics (15) and dominance behavior (16) . Furthermore, it is likely that a different set of selection pressures operates when food is abundant and population size is increasing, thus giving rise to oscillating directional selection (2).
Our results are consistent with the growing opinion among evolutionary ecologists that the trajectory of even well-buffered vertebrate species is large- Table 1 
